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CHAPTER-1 
BIBLIOMETRICS 
INTRODUCTION 
The discipline that investigates the properties and behaviour 
of information, the forces governing the flow of information and the 
means for processing information for optimal accessibility and 
usability is termed as "Information Science". It occurs with other 
words such as information analysis, information service, 
information source, scientific and technological information and so 
on. 
Bibliometric is of recent origin and relatively a new 
development Bibliometrics is that branch of Information Science 
which lies between the border of the social and physical sciences. 
Information may be defined as: 
"Information is the message conveyed or intended to be 
conveyed by a systematized body of ideas or its accepted or 
acceptable substitutes". 
According to D.Bell (1979) "Information is news, facts, 
statistics, reports, legislation, judicial decisions, resolution and the 
lii<e." 
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Bibliometric studies are conducted to identify the pattern of 
publications, authorship, and citations used for a subject etc. over a 
period of time and thereby offering insight into dynamics of the area 
under a particular study. 
1. BIBLIOMETRICS 
Bibliometrics is a systematic formula of literature study, by 
the help of bibliometrics study, any of the literature can be 
searched in minimum possible time. 
The term bibliometrics has been derived from two words 
"Biblion and metric". The word 'Biblion" means books and "metric" 
means measurement. So, bibliometrics generally means 
'measurement pertaining to books'. 
1.1 ORIGIN AND HISTORY 
First study regarding, bibliometrics was conducted in 1917 by Cole 
and Eale'. They wrote "The History of Comparative Anatomy, Part-1 A 
Statistical Analysis".^ First term used for this was "Statistical Analysis". 
Henkle (1938), Gosnell (1934/44), Barker (1966) also used the same 
term i.e. 'Statistical Bibliography. 
1. Cole (FJ) and EALE (NB). The History of comparative anatomy part-l, 1917, A 
Statistical analysis of literature science progress, P578-96. 
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In 1968 Pritchard analysed the term 'Statistical bibliography' 
and found it to be confusing with 'Statistics' and 'Bibliography on 
Statistics'. Therefore, he coined, another term i.e. called 
'Bibliometrics'. Hence the term bibliometrics has a very recent 
origin. 
2. BIBLIOMETRICS: OTHER ANALOGOUS TERMS 
Many scientists have used the term under different names 
like 'Librametrics' 'Scientometrics and 'Informatrics' are also used 
in the literature. 
Bibliometrics is analogous to Ranganathan's 'Librametrics' in 
1948. Russian concept 'Scientometrics' FID's 'Informatrics' and 
some other well established subdisciplines like 'Econometrics'. 
'Psvchometrics'. 'Socio-metrics'. 'Biometries'. 'Technometrics'. 
'Ctiemometrics'. in modern times the term 'Scientometrics' is used 
for the application of quantitative methods to the history of science 
and overlap with bibliometrics to a considerable extent. 
3. BIBLIOMETRICS: DEFINITIONS 
There are a number of definitions of bibliometrics given by 
different researchers such as Hulme, Raising, Fairthorne, Beek, 
Potter, Scharder, Sengupta and others. 
A more elaborative concept of bibliometrics has 
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recently been expounded by Egghe who defines, "as the 
development and application of mathematical models and 
techniques to all aspects of communication (libraries, 
documentation and Information centres, science policy).^ 
Bibliometrics is that branch of science which studies the 
behaviour of information. Different definitions of bibliometrics by 
different people are as follows:-
(a) A. PRITCHARD(1968) 
"Bibliometrics is the application or mathematical methods to 
books and other media of communication".^ 
(b) E. WYNDHAM HULME 
"The purpose of statistical bibliography is to shed light on the 
process of written communication and of the nature and course of 
development of a discipline by means of counting and analysis of 
its various facts of written communication".'* 
(c) W.G.POTTER (1981) 
"The study and measurement of the publication pattern of all 
forms of written and their authorship".^ 
2. EGGHE(L.) Methodological Aspects of Bibliometrics. Library Science with Slant to 
Documentation and Information Studies. 25, 3; 1988; 179-91 
3. PRITCHARD (A) Statistical Bibliography on Bibliometrics. Journal of 
documentation, Dec. 1969, 25 (4), 348, 349. 
4. Hulme, (E Wyndham).Statistical Bibliography in relation to the growth of modern 
civili2ation.1932.Butler and Turner Graften, London, p 9. 
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5. POTTER(W G) .Introduction to Bibl iometr ics .Library Trends,30; 1981; 151. 
(d) R.A. FAiRTHORNE (1989) 
"Quantitative treatment of the properties of recorded 
discourse and behaviour appertaining to it".^ 
(e) I.N.SENGUPTA(1990) 
"Organization, Classification and quantitative evolution of 
publication patterns of all macro and micro communications along 
with their authorship by mathematical and statistical calculus"/ 
(f) D.T.HAWKINS (1977) 
"The quantitative analysis of the bibliographic features of a 
body of literature."^ 
4. SCOPE OF BIBLIOMETRICS 
The scope of bibliometrics includes the study of relationship 
within a literature or describing a literature. These descriptions 
focus on consistent patterns involving authors, monographs 
journals subject, language and forms. 
Bibliometric studies are generally based on quantitative 
measurement without any qualitative evaluation. They are, 
therefore,considered only as partial indicators of scientific 
progress. 
6. FAIRTHORNE(RA). empirical hypoerboiic distribution (Bradford, Zipf- Mandellbert). 
Bibiometrics description and predictions. Journal of Documentation.25;1969;319. 
7. SENGUPTA (IN).Bibliometrics and Its Applications. 1990.Atlantic.New Delhi;p256. 
8. HAWKINS (D.T.) Unconventional use ofconline information retrieval system: online 
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bibliometric studies. Journal of American Society, 28; 1977; 13-18. 
Bibliometric studies fall mainly into two broad groups: 
(a) Descriptive Studies 
(b) Behavioural Studies 
(a) Descriptive Studies: 
Describing the characteristics or features of the literature. 
(b) Behavioural Studies: 
Those examining the relationship, formed between 
components of a literature. The basic units of bibliometric are all 
facets of written communication, such as primary and secondary 
periodicals, articles, books, monographs and other media of 
communication. Bibliometric techniques have been extensively 
applied equally in sociological studies of science information 
management, librarianship, history of science including science 
policy, study of science and scientists and also in different 
branches of social sciences. 
5. PURPOSE OF BIBLIOIVIETRICS 
Alan Pritchard assigned its purpose as to shed light on the 
process of written communication and of the nature and course of 
development of a descriptive means of counting and analyzing the 
various facts of written communication. 
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According to Dr. S.N. Singh "The purpose of bibliometrics is 
to provide quantitative analysis of the phenomenon going with 
documents, their organization, use and services in library and 
Information Centres and Systems. 
The main purpose of bibliometric study is: 
• To find out major form of literature. 
• To prepare a ranked list of journals. 
• To identify the country with greatest library output. 
• To find out the chronological scattering of all cited 
literature. 
• To ascertain the amount of utilization of language. 
• To develop norms and standardization. 
• To regulate inflow of information and communication. 
• To identify authorship and its trends in documents of 
different subjects. 
« To measure useful news of adhoc and retrospective SDI 
services and so on. 
6. BIBLIOMETRICS IN RESEARCH 
At present, it is an established technique covering wide area 
of knowledge, which provides the background for more practical 
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task. It has therefore, been able to involve scholars from many of 
these disciplines. Consequently it has attracted scholars from 
different disciplines or their respective fields. Day by day it is 
attaining sophistication and complexity having national, 
international and interdisciplinary character. Bibliometrics also 
provide information about the structure of knowledge, its 
classification studies give information about the subject, language 
and country relationship which is based on literary warrant. 
As a matter of fact, its backbone lies in its sound theoretical 
foundation most efficiently and effectively laid by some pioneers 
like Gross, Lotka, Bradford, Zipf, Derek. J. De Solla Price, 
Bookstein, Massavesik, Cole brother, Pritchard, Garfield, Hulme, 
Fairthorne and many others who are all not basically librarians, but 
being to different branches of knowledge. 
Bibliometrics also provides information about the structure of 
knowledge. Bibliometrics is very useful in any field of research or in 
any discipline or it can be used in some ail and manageable ways 
by individuals to improve some part of library or information 
services. 
7. LAWS OF BIBLIOMETRICS 
The fundamental laws of bibliometrics are 
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7.1 Lotka's inverse square law of scientific productivity. 
7.2 Bradford's law of Scattering 
7.3 Zipf's law of word occurrence 
7.1 Lotka's Inverse Square Law 
In 1926,Alfred J. Lotka a statistician in an insurance company 
proposed his Inverse Square Law correlating contributors of 
scientific papers to their number of contributions. He claims that a 
large proportion of the literature is produced by a small number of 
authors and it is distributed so as the number of people producing n 
papers or articles is approximately proportional to 1/n2. 
Authora 1/n^ 
where n is the number of contributions or articles. 
For this, he analyzed the decennial index of 'Chemical 
Abstracts" from 1907-1916. He collected 6891 names of the authors 
contributing 1, 2, 3 etc. entries in literature. 
On the basis of this data, Lotka deduced a general equation, 
for the relation between the frequency 'y' of persons making 'x' 
contributions as follows: 
Xny = constant 
If n= 2 then , the result is as follows: 
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" In the case examined it is found that the number of persons 
making 2 contributions is about one- fourth of those making one 
contribution , the number making 'n' contributions is about 1/n2 of 
those making one and the proportion of all contributions is about 
60%. 
In other words ,the number of papers produced (n) is 
inversely proportional to number of authors (m) producing them. 
If 100 authors make one contribution each 
100/2^= 25 authors, 2 papers 
100/3^ = 11 authors 3 papers 
100/4^ = 06 authors 4 papers 
7.2 ..Bradford's Law of Scattering: 
This law was given by Samuel Clement Bradford in 1948. 
This law is related to scattering of journals. In this law the 
scattering term is used for scattering of journals means the articles 
devoted to a particular subject are found in other journals. 
He prepared a list of journals arranged in decreasing order of 
source items contributed by the journals to the bibliographies. In 
the list of periodicals arranged by decreasing productivity Bradford 
identified three groups of periodicals, that produced approximately 
the same number of articles on the subject but he number of 
10 
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periodicals in these three equi productive zones increased by a 
constant factor. 
He stated this law as, "If Scientific periodicals are arranged in 
order of decreasing productivity of articles on a given subject that 
may be divided into a nucleus of periodicals more particularly 
devoted to the subject and several groups or zones containing the 
same number of articles as the nucleus when the number of 
periodicals in the nucleus and succeeding zones will be given as 
1:n:n^ 
Bradford also plotted graphs of the cumulative number of 
source items R(n) versus the logarithm of the cumulative number of 
journals (log n). The resulting graphs for Applied Geophysics and 
Lubrication were similar to graph shown in 7.2.1. Such a graph is 
called as Bradford Bibliograph. 
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The graph begins as a rising curve AP1 and then continues 
as straight line. The rising part of the graph represents the nucleus 
of highly productive journals. The points P1, P2 and P3 on the 
bibliography are the boundaries of three equi-productive zones in 
which the same number of articles as the nucleus (represented by 
0Y1 = Y1 Y2 = Y2Y3) derived from an increasingly large number of 
journals (represented by OXi, X-i X2, X2 X3). 
7.3 Zipf's Law of Word Occurrence 
Zipf developed and extended an empirical law as, observed 
by Estoup, governing a relation between the rank of a word and the 
frequency of its appearance in a long text. 
If 'r' is the rank of a word and T is its frequency then 
mathematically Zipf's law can be stated as follows-
fai 
f = C-
where 'C is a constant 
This law states that in a long textual matter of words are 
arranged in their decreasing order of frequency, then the rank of 
any given word of the text will be inversely proportional to the 
12 
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frequency of the occurrence of the word. 
He found that by multiplying the numerical value of each rank 
r by its corresponding frequency (f) he obtained a product (c) 
which is constant throughout its text, e.g. 
Rank r Frequency (f) Product (rf) = C 
1 400 400 
2 200 400 
3 133 399 
4 100 400 
5 80 400 
This table Shows distribution of words inversely proportional 
to the frequency of occurrence of the word. 
Thus, these three laws are based on-
(i) Number of authors contributing in a discipline or other, 
field. 
(ii) Distribution of articles in set of journals 
(iii) Ranking word frequency in a particular set of documents. 
OTHER EMPIRICAL LAWS 
The other important laws that need to be mentioned are: 
13 
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1.^ PRICE'S SQUARE ROOT LAW OF SCIENTIFIC 
PRODUCTIVITY 
Derek De Solla Price in 1963 gave tinis law. Tliis law states 
that "half of the scientific papers are contributed by the square root 
of the total number of scientific authors". In other words n1/2 
sources yield a fraction 14 of the items. 
7.5 Garfield's Law of Concentration 
According to Eugene Garfield's law of concentration "a basic 
concentration of journals is the common core of nucleus of all 
fields". In other words the tail of the literature of one discipline 
consist of the cores of the literature of other disciplines. 
7.6 Sengupta's Law of Bibliometrics 
This law was put forward by Sengupta in 1973, which is also 
known as off setting weightage formula for re-ranking periodicals to 
avoid discrimination against new journals which necessarily have 
fewer citation credits. This is basically an extension of the Bradford 
law. 
It states "during phases of rapid growth of knowledge in a 
scientific discipline, articles of interest to that discipline appear in 
increasing number of periodicals distant from that field". 
Mathematically Sengupta's law stands in the following form: 
14 
(BiSfiometrics: Jin introcfuction 
F (x + y) = a+b log (x+y) 
Where f(x+y) is the cumulative number of references as 
contained in the first (x+y) most productive journals, x indicates 
number of journals in the same discipline and y stands for number 
of journals of unrelated disciplines (y>x) and a and b are two 
constants. 
8. APPLICATIONS OF BIBLIOMETRICS 
Bibliometrics has extensive application in identifying the 
research trends in a subject trends in authorship and collaboration 
in lesearch; core periodicals; obsolescence and dispersion of 
scientific literature useful in estimating the comprehensiveness of 
secondary periodicals. Some of the areas where bibliometric 
techniques are consistently being applied are enumerated here: 
• To design information services. 
•:» To identify research trends and growth of knowledge. 
*> Weeding and stacking policy. 
•:» Evaluation of indexing services and retrieval system. 
• To find out core journals by applying Bradford Law. 
• Trends in authorship. 
• To find out trends in research activities. 
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•:• To find out the productivity of scientist by applying Lotka's 
Law. 
• To predict productivity of publishers, individual authors, 
organizations, country of that of an entire discipline. 
•:• To lead the reader to further studies in the field. 
• Help in preparation of Bibliographies. 
*> To find out the relative use of different languages. 
*> To study the scattering of subject. 
• To initiate effective multi-level network system. 
*> To develop norms for standardization. 
9. LIMITATIONS IN APPLICATION 
The most of the studies tend to support the Bradford 
distribution, some other researchers could not get satisfactory 
results. Gross found that the scatter of research papers among 
physics journals deviated from that predicted by Bradford's law. 
Out of fifty bibliographies only six followed the law, another 
problem with Lotka's law is that it totally ignores the potential 
authors who have not produced any publication so far. 
In case of Lotka's Law, it was found to fit in most cases. 
However, the value of indexing was found to vary different groups 
of scientists. 
16 
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10. CONCLUSION 
Bibliometrics has emerged as the most active field of Library 
and Information science. It is estimated that literature on this topic 
occupies more than 25% of the total contribution in Library and 
Information Science. Citation analysis studies form a major portion 
of it even the widespread use of computers for retrieval, counting 
and analysis are unlikely to achieve perfection in the studies. This 
study is mere a method, not a theory. To make it a theory and more 
useful, researchers must concentrate on the casual factors 
underlying bibliometric phenomenon. The changes that are 
frequently occupying in the publication practices are likely to 
complicate the studies in future. In such circumstances it is 
advisable to consider the results of such studies as more 
guidelines rather than ends in themselves. 
Bibliometric techniques have been gaining recognition and 
importance especially during the past two decades. The results of 
such studies are increasingly being applied to manage the library 
and information science resources and services more effectively. 
17 
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CHAPTER-2 
ELECTROCHEMISTRY 
1. INTRODUCTION 
Electrochemistry is a branch of chemistry and studies the 
reactions that can take place at the interface of an electronic 
conductor (the electrode which can be a metal or a semiconductor 
including graphite) and an ionic conductor (the electrolyte) 
Electrochemistry may be considered to be born out of 
Chemistry by Electricity, but it involves for more than a knowledge 
of the Chemistry of substances and the physics of electric fields. If 
a chemical reaction is caused by an external voltage or if a voltage 
is caused by a chemical reaction, as in a battery (electricity), it is 
an electrochemical reaction. 
In general, electro-chemistry deals with situations where an 
oxidation and a reduction reaction is separated in space. The direct 
charge transfer from one molecule to another is not topic of 
electrochemistry. 
2. DEFINITION OF ELECTROCHEMISTRY 
The branch of science, which deals with the relationship 
between electrical energy and Chemical energy and inter 
conversion of one form into another, is called "Electrochemistry". 
18 
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These may include chemical reactions, which occur due to 
the passage of electrical energy as well as the generation of 
electrical energy due to chemical reactions. 
3. HISTORY OF ELECTROCHEMISTRY 
3.1 16^^ Century and the dawn of Electrochemistry 
The le""' century marked the beginning of the electrical 
understanding. On 1550's English Scientist William Gilbert spent 17 
years experimenting with magnetism, and to a lesser extent, 
electricity. 
3.2 17*^ and 18*^  Centuries advances and the birth of 
Electrochemistry 
In 1663 German Physicist Otto Van Guericke created the first 
electric generator, which produced static electricity by applying 
friction in the machine. 
By Mid-1700s French Chemist Charles Francois de Cisternay 
due Fay discovered two types of static electricity, and that like 
charges repel each other while unlike charges attract. 
In late 1700s Italian physician and anatomist Luigi Galvani 
marked the birth of electrochemistry by establishing a bridge 
between Chemical reactions and electricity on his essay "De 
Virlbus Electricitatis in Motu Musculari Commentarius". 
19 
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On his essay Galvani concluded that animal tissue contained 
a here-to-fore neglected innate, vital force, which he termed 'animal 
electricity' which activated nerve and muscle when spanned by 
metal probes. He believed that this new force was a form of 
electricity in addition to the "natural" form that is produced by 
lightning or by the electric cell and torpedo ray & to the "artificial" 
form that is produced by friction (i.e. static electricity). 
3.3 Nineteenth (19*'') Century: 
In 1800, English Chemists William Nicholson and Johann 
Fitter succeeded In decomposing water into hydrogen and oxygen 
by electrolysis. 
By 1801 Fitter observed thermoelectric currents and 
anticipated the discovery of thermoelectricity by Thomas Johann 
Seeback. 
In 1832 Michael Faraday's experiments on electrochemistry 
led him to state his two laws of electrochemistry. In 1836 John 
Daniell invented a primary cell in which hydrogen was eliminated in 
the generation of the electricity. 
Savante August Arrhenius published his theses in 1884 on 
"Recherches Sur la conductibilite galvanic des electrolytes 
(Investigation on the galvanic conductivity of electrolytes). 
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In 1886 Paul Heroult and Charles M. Hall developed a successful 
method to obtain aluminum by using principles described by 
Michael Faraday. 
Hermann Nernst developed the theory of the electromotive 
force of the voltaic cell in 1888. In 1898 Fritz Haber shov\/ed that 
definite reduction products can result on electrolytic process if the 
potential at the cathode is kept constant. 
3.4 The Twentieth (20*'') Century and recent developments: 
In 1909, Robert Andrews Millikan began a series of 
experiments to determine the electric charge carried by a single 
electron. 
Arne Tiselius, developed the first sophisticated 
electrophoretic apparatus in 1937 and some years later the first 
sophisticated electrophoretic apparatus was developed in 1937, 
who was awarded the 1948 Nobel prize for his work in protein 
electrophoresis. 
A year later the International Society of Electrochemistry 
(ISE) was founded in 1949. By the 1960's-1970's quantum 
electrochemistry was developed by Revaz, Dogomadze and his 
peoples. 
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4. ELECTROCHEMICAL CHANGES: ELECTROLYTIC AND 
GALVANIC CELLS 
The Chemical changes, which involve the flow of electric 
current, are called electrochemical changes. 
These are broadly of two types: 
(1) Electrolytic Cells: These constitute the electrochemical 
reaction in which electrical energy is converted into chemical 
energy. In these cells electrical energy is used to drive redox 
reactions, which have positive reaction free energy (AG) and are 
non-spontaneous. 
The phenomenon of chemical changes taking place by the 
passage of electrical energy from an external source is called 
electrolysis. The devices or cells used to carry out electrolysis are 
called electrolytic cells. 
(2) Electrochemical cells or Galvanic Cells 
These constitute the electrochemical reactions in which 
chemical energy is converted to electrical energy. In these cells 
spontaneous redox, reaction is used to generate an electric 
current. This is reverse of electrolysis. 
The devices in which chemical energy released during a 
chemical reaction is converted into electrical energy are called 
electrochemical cells or galvanic cells. These cells are very 
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important because of their many practical applications. An early 
example of a galvanic cell is a Daniell cell, which was invented by 
the British Chemist John Daniell in 1836. 
5. ELECTROLYSIS AND LAWS OF ELECTROLYSIS 
Electrolysis is a process in which chemical changes take 
place by the passage of electric current. The cells used \o carry out 
electrolysis are electrolytic cells. 
5.1 Process of Electrolysis 
Taking the solution of an electrolyte In a suitable vessel 
carries out the process of electrolysis carries out the process of 
electrolysis. The vessel is called electrolytic tank. It is made up of 
either glass or of a material, which is a bad conductor of electricity. 
Two metallic rods or plates are suspended in the electrolytic 
solution. These are connected to the terminals of a battery with the 
help of metallic wires. These metallic rods or plates allow the 
passage of current and are called electrodes. The electrode 
connected to the positive terminal of the battery is called anode 
while the electrode connected to the negative terminal of the 
battery is called cathode. 
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- -H 
Anode 
^ Battery ^ 
e 
^ + 
Solution of Electrolyte 
Cathode 
Fig. 5.1.1. Process of Electrolysis 
When an electrolyte is dissolved in water it splits up into 
negative and positive ions. The positively charged ions are called 
cations and negatively charged ions are called anions. On passing 
e\ecinc current through the solution, the Ions are attracted by the 
oppositely charged electrodes. As a result, cations move towards 
cathode while anions move toward anode. This movement of ions 
in solution is known as electrolytic or ionic conduction and 
constitutes flow of current through the solution. 
5.2 Mechanism of Electrolysis 
The process of electrolysis was explained by the theory of 
ionization. According to ionic theory, the electrolytes are present as 
ions in solution and the function of electricity is only to direct 
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these ions to their respective electrodes. The electrolytes can be 
electrolyzed only in the dissolved or molten state. 
Example - Electrolysis of molten sodium Chloride 
The molten sodium chloride has Na* and CI ions 
NaCI - Na^ + c f 
When electric current is passed through molten sodium chloride, 
the chloride ions are attracted towards anode, these ions give up 
are electron each to the anode and become chlorine atoms. 
On the other hand, Na* ion move towards the cathode, take 
up one electron each and become neutral atoms. As a result, 
sodium metal is obtained at the cathode. 
The reactions may be expressed as: 
At cathode Na" + e" -> Na (reduction) 
CI - e" -> CI (Oxidation) 
CI + CI ^ CI2 
Thus, the overall reaction is : 
Electrolysis 
2 NaCI • 2Na + Cb (g) 
(Molten) (at cathode) (at anode) 
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6. FARADAY'S LAWS OF ELECTROLYSIS 
Michael Faraday performed a large number of experiments 
on electrolysis and summarized the results of his experiments in 
the form of two laws known as Faraday's laws of electrolysis. 
These are: 
6.1 Faraday's first law of electrolysis: 
The amount of any substance deposited or liberated at any 
electrode is directly proportional to the quantity of electricity passed 
through the electrolytic solution. 
Thus, if "w" gram of the substance is deposited on passing 
"Q" coulombs of electricity, then 
w a Q 
or w=ZQ 
Where "Z" is a constant of proportionality and is called 
electrochemicai equivalent. If a current of " I " amperes is passed 
for 't' seconds, then 
Q= I x t 
So that w = ZxQ 
= Zxixt 
Now, if Q=1 Coulomb 
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or 1 = 1 ampere and t = 1 second, then 
w = Zx1x1 
or w = Z 
Hence electrochemical equivalent of a substance may be 
defined as the mass of the substance deposited when the current 
of one ampere is passed for one second, i.e. a quantity of 
electricity equa! to one coulomb is passed. 
6.2 Faraday's second law of electrolysis: 
It states that when same quantity of electricity is passed 
through different electrolytic solutions connected in series, the 
weights of the substances produced at the electrodes are directly 
proportional to their chemical equivalent weights. 
For example, when same current is passed through two 
electrolytic solutions, containing copper sulphate (CuS04) and silver 
nitrate (AgNOg) connected in series, the weights of copper and 
silver deposited are 
Weight of Cu deposited Eq.wt.ofCu 
Weight of Ag deposited Eq.wt.ofAg 
However, in modern terms, the term equivalent weight is not 
used. The Faraday's laws of electrolysis may be stated in terms of 
moles of electrons exchanged during an electrochemical change. 
According to Faraday's law, the amount of chemical change 
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occurred i.e. the moles of substances deposited or liberated is 
proportional to the number of moles of electrons exchanged during 
the oxidation-reduction reactions that occur. 
Therefore, by knowing the amount of electricity passed, we 
can easily calculate the number of moles of products formed from 
the appropriate electrode reaction. From the moles of the products 
formed we can calculate the masses of the products or their 
volumes if they are gases. 
For example, during the passage of electric current through 
molten NaCI, sodium gets deposited at cathode and chlorine is 
liberated at anode. 
NaCI • Na + 'A CI2 
(at Cathode) (At Anode) 
During electrolysis, sodium ions move towards cathoda, 
accept electrons and get deposited as : 
Na^(aq)+ e ' • Na(S) 
It is clear that the passage of one electron produces one 
sodium atom. The passage of 1 mol of electrons produce 1 mol of 
sodium (or 23 g). 
Similarly, at anode, chloride ions give up electrons and 
produce CI atoms as: 
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a'-e'-^^a, (g) 
Or icf-le'^a, (g) 
It is clear that 2 mol of electrons produce 1 mol of CI2 or 1 
mol of electrons produce V2 mol of CI2 (35.5g). 
We know that charge on one electron 
= 1.602 X 10-^ ^C 
Now 1 mole of electrons = 6.022 x 10^^ electrons 
Charge on 1 mole of electrons 
= 6.022 X 1 0 " X 1.602 x 10"^ ^C 
= 96485 Cmor'' 
The charge on one mole of electrons is called 1 Faraday, F, 
in honour of Michael Faraday. Thus, 
1 F = 96485C or approximately 96500C Thus, charge on n 
mole of electrons will be equal to 
Q = nF 
Now, the production of 1 mole of sodium or 23.0 gm. by 
reduction of sodium ions require 1 mole of electrons. Therefore, 
amount of charge required, 
Q = nF = 1 x 96500C 
= 96500C 
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7. The Continuous Flow of Electrons across an Interface: 
Electrochemical Reactions 
Suppose that the metal, an electronic conductor, is connected 
to a power supply, i.e. to a source of electrons so large in capacity 
that the 10^^ to 10^° electrons drawn from the source leave it 
unaffected in any significant way. To make the discussion specific, 
consider that the electronic conductor is a platinum plate and the 
ionically conducting phase is an aqueous solution of HI. 
Then, by connecting the power source to the metal plate it 
becomes possible for electrons to flow from the source to the 
surface of the platinum plate. Before this was done, the electrified 
platinum - solution interface was in equilibrium. Under these 
equilibrium conditions, the platinum plate had a certain net surface 
charge, and the ironically conducting solution, an equal and 
opposite, excess charge and, further, the electron flows across the 
interface, associated with the electron transfer reactions, were 
occurring to an equal extent in the two directions. 
Example^ 
Hydrogen ions, in the solution phase. This process can 
proceed continuously electrons has been thought of as infinite in 
capacity and the ionic conductor also has an abundance of ions in 
it; these ten to migrate up to the metal surface and appear there 
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for the purpose of capturing some of the overflowing electrons. 
It is a Chemical transformation involving a net electron 
transfer, and it can be written in familiar style as 
2H^ + 2e -^ H2 
The hydrogen ions are discharged on the electrode and there 
is an evolution of hydrogen gas. 
An electric current, a controllable electron stream, has been 
made in a controlled way to react with a chemical substance and 
produce another new chemical substance. That is what a good deal 
of electrochemistry is about it is about the electrical path for 
producing chemical transformations. 
Much of electrochemistry is also connected with the other, 
side of this penny, namely, the production of electric currents and 
therefore electric power directly from changes in chemical 
substances, which is one of the newer methods of producing 
electrical energy. 
8. THE RELATIONS OF ELECTROCHEMISTRY TOOTHER 
SCIENCES 
8.1 Some Examples of the Involvement of Electrochemistry in 
other Sciences 
Chemistry:-
Chemistry itself contains much basic material which 
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originated in electrochemistry. The third law of thermodynamics 
was conceived on the basis of the temperature variations observed 
in the heat content and free energy change in cell reaction. The 
concepts of pH and dissociation constant were formerly studied as 
part of the electrochemistry of solutions. Ionic reaction kinetics in 
solution and the Bronsted Bjeroum relation is expressed in terms of 
the electrochemical Debye and Huckel theory. Electrolysis, metal 
deposition, syntheses at electrodes, plus perhaps as much as half 
of the modern methods of analysis in solution depend on electrode 
kinetics. All colloid chemistry is essentially dependent on the 
physical chemistry of electrified interfaces. 
Metallurgy:-
An electrochemical aspect has already been mentioned in 
respect to the properties of materials and stability. The extraction 
of metals from ores dissolved in molten salts, the separation of 
metals from mixtures in solutions, and the formation of single 
crystals from metals in solution are among others. 
Engineering:-
Examples abound because of the interest in driving vehicles 
by electrochemical power sources. Part of this interest arises 
because electrochemical power sources avoid the buildup of CO2 in 
our atmosphere and thus avoid the deleterious affects of this 
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CO2 buildup. Electrochemical energy converters, the fuel cells, 
provided the onboard power for the first space vehicles, and there 
are general prospects of evolution away from the thermal to the 
electrochemical method of realizing the energy of chemical 
reactions. Electrochemical engineering systems include those of a 
large proportion of the nonferrous metals industries, in particular, 
the production of aluminum of deposition from a molten salt 
containing the oxide. 
Biology:-
Food is converted to mechanical work by biochemical 
mechanisms, which have an efficiency much greater than that from 
some corresponding form of energy conversion involving the heat 
engine principle. The mechanism involves electrochemical 
reactions. Correspondingly, the mechanism of the transmission of 
impulses through nerves as well as that of the stability of blood, 
and probably many of the macromolecules involved in biological 
processes, depend on aspects of electrochemistry which concern 
electrochemical charge transport and double layer interaction. 
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Geology:-
An example of electrochemistry in geology concerns certain 
types of soil movements. The movement of earth under stress 
depends on the viscosity of the earth regarded as a slurry, i.e., a 
viscous mixture of suspended solid in water with a consistency of 
very thick cleam. 
9. CONCLUSION: 
In electrochemistry, however, there is an immediate 
definitional connection to the physics of current flow and electric 
fields. Further, it is difficult to pursue interfacial electrochemistry 
without an acquaintance with some principles of theoretical 
structural metallurgy and electronics as well as of hydrodynamic 
theory. 
Widespread involvements with other areas of science, in 
respect to both the family of disciplines which compose the 
considerations involved in electrochemical thoughts, and the 
breadth of applications of electrical aspects of surfaces and surface 
reactions throughout the sciences connected with materials, may 
suggest that electrochemistry be handled increasingly in the future 
as an interdisciplinary area rather than a branch of physical 
chemistry. 
Electrochemistry would be concerned with the part played 
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by electrically charged interfaces and interfacial charge transfer in 
chemistry, metallurgy biology, engineering etc. Perhaps it would 
also involve areas, which are directly related to such charge 
transfer, as is the physical chemistry of ionic solutions. 
The precise subject matter considered covered by the term 
electrochemistry will evolve. But the divisions of science into 
physics, chemistry, metallurgy, biology etc. are purely arbitrary and 
were made with a nineteenth century perspective. 
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Chapter-3 
METHODOLOGY 
Bibliometrics is a quantitative and qualitative study based on 
statistical and mathematical methods. This study is helpful in 
management of scientific literature measuring the utility of 
periodicals and relationship between journals and subject areas 
and also in knowing the most productive contributors in a given 
field. Due to interdisciplinary nature of research and trends towards 
specialization librarians and information scientists are facing great 
problem in acquisition, organisation and dissemination of 
information. 
Therefore, to eliminate these problems there is a need of 
such type of study i.e. bibliometric study. 
[A] OBJECTIVES 
A.1 To ascertain the strength and weakness of the research 
activities conducted on the subject. 
A.2 To find out the most used pattern of different types of 
documents i.e. books, journals, reports, standards, patents 
etc. to find out the country producing most of the literature. 
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A.3 To know the most productive year/years of the literature 
published on the subject. 
A.4 To draw a detailed picture of the way in which literature has 
developed during the period of study and the relative 
distribution in various facts of the subject field. 
A.5 To find out the most dominating language(s) in which the 
most of the articles on the subject have been produced. 
A.6 To know the core periodicals containing most of the published 
literature. 
A.7 To study the rate of collaborative research that can be 
effectively measured from the number of authors in papers. 
A.8 To show the interdisciplinary character of the subject under 
study. 
A.9 To know the eminent authors in the field. 
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[B] ^/lETHODOLOGY 
We can discuss the methodology of Bibliometrics under the 
following points. 
Selection of Source Document! 
Collection of Data 
Analysis and Interpretation of data 
; 
Application of Bibliometric laws 
Conclusion 
B.1 Selection of Source Document 
The first and foremost task is to select the source document from 
which data is to be drawn. For this purpose Chemical Abstracts which 
is published from American Chemical Society since 1907, has been 
consulted. Chemical Abstracts for the year 2004-2005 have been 
scanned to collect 1608 references on the subject, "Electrochemistry". 
Chemical Abstract is found to be the most authentic and 
comprehensive source of literature in the field of Electrochemistry. 
B.2 Collection of Data 
Data pertaining to the field of "Electrochemistry" was collected 
from the Chemical Abstracts on 5x3 (inches) catalogue cards. Each 
reference consisted of information about the author, title, name 
of the periodical, place, year, language and form 
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of document. 
B.3 Analysis and Interpretation of Data 
The data consisting of 1608 entries was collected and 
analyzed. In this step all the cards were arranged and rearranged 
\n order to complete the following studies: 
B.3.1 Ranking of Periodicals 
The main objective of bibliometric study is to find out the core 
periodicals containing the research literature on Electrochemistry. 
For this purpose, the items published in different periodicals are 
grouped together and counted. After the identification of core 
periodicals in the field, ranking of periodicals is done and tabulated. 
B.3.2 Geographical Scattering of Items 
This is done to determine the geographical scattering of items 
while studying the use pattern of research literature in the subject 
under study. The entries were grouped on the basis of their places 
of origin. They were then counted and ranked in a table. 
B.3.3 Yearwise Distribution of Items 
Currency of information in the secondary source may be 
useful in finding out the most productive year of items ranked. 
Through this study we know that how many articles were published 
in which year. 
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B.3.4 Language-wise Distribution 
For the purpose of language-wise analysis, the entries were 
grouped according to their language of origin. After this they were 
counted and then a ranked list of languages. 
B.3.5 Distribution of Items according to Subject 
Though most of the literature on a given subject is published 
in some core journals but sometimes some material of research 
value is published in the journals belonging to related fields. It is 
therefore, important to know the interdisciplinary nature of the 
subject. Subject dispersion analysis is done on the basis of subject 
field of periodicals the information about which was obtained from 
Ulrich International Periodical Directory (35*'^  ed.). This analysis 
identifies the core subjects, as well as related subject type under 
study. 
B.3.6 Form-wise Distribution 
The literature is published in different forms like books, 
bulletins, patents, articles, reports etc. The information regarding, 
the form was collected and tabulated to find out the most dominant 
form of literature. 
B.3.7 Ranking of Authors 
This is done to know the eminent personalities in the subject. 
The data cards of different contributors in the field were 
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separated out. The number of cards under each name were 
counted and tabulated. Authors are then ranked in order of 
decreasing productivity. 
B.3.8 Application of Bibliometric Laws 
The whole study depends upon the application of bibliometric 
laws such as Lotka, Bradford and Zipf's Law. For checking the 
validity of these laws, they will be individually applied on the 
analyzed data. 
B.4 CONCLUSION 
The findings of the analysis of the data and application of 
Bibliometric laws are included in the conclusion part. 
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Chapter-4 
DATA ANALYSIS, INTERPRETATION AND 
PRESENTATION 
Two volumes of Chemical Abstract for the year 2004-2005 
were consulted for collecting the required data on the topic 
"Electrochemistry". The two volumes carried 1608 items on the 
subject. The data, so collected was analysed as under: 
1. RANKING OF PERIODICALS 
In the present era, journals have got key positions as an 
important source of current information, they play a significant role 
in scientific communication. Article of the journals provide the most 
required information to the researcher. It may be found that certain 
core journals contribute most of the literature on particular topic. 
This information of core journals in various subjects will go a long 
way in preparing the subscription list of journals by the librarian 
and information scientists. 
The present study, therefore, is meant to identify the most 
important journals, constituting the most of the literature of 
research value in the field of 'Electrochemisty',. 
In the collected data, all the 1608 references were found to 
be published in 268 periodicals, which have been ranked up to 28 
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positions. However, table 4.1 lists only 125 periodicals in which the 
frequency of occurrence of items is up to 2. The periodicals with 
less than 2 items have not been considered.Table 4.1shows that 
the first rank was occupied by the journal titled "Jpn. Kokai Tokkyo 
Koho JP" which accounts for 151 of total references. Next four 
positions are occupied by journals like 'Electrochimica Acta' (150), 
'U.S. Pat. Appl. Publ. US' (109), 'Journal of Electroanalytical 
Chemistry' (99) and 'JouranI of Electrochemical Society' (57). 
TABLE 4.1 : RANKING OF PERIODICALS 
S.No Rank Name of Periodical Place Freq % 
freq. 
1 1 Jpn. Kokai Tokkyo KohoJP Japan 151 9.39 
2 2 Electrochimica Acta USA 150 9.33 
3 3 U.S. pat. Appl. Publ. US USA 109 6.77 
4 4 Journal of Electronalytical 
Chemistry 
USA 99 6.16 
5 5 Faming Zhuanii, Shenging 
Gongkai Shoumingsh 
China 57 3.54 
6 5 Journal of Electrochemical 
Society 
USA 57 3.54 
7 6 P.C.T. Int. Appl. WO USA 52 3.23 
8 6 Repub. Korean Kongkae 
Techo Kongbo KR 
Korea 52 3.23 
9 7 Journal of Physical 
Chemistry 
USA 46 2.86 
10 8 Repub. Korea KR Korea 30 1.86 
11 9 Russ. RU Russia 28 1.74 
12 10 Taiwan TW Taiwan 26 1.62 
13 11 Electro analysis USA 25 1.55 
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14 12 Journal of Applied 
Electrochemistry 
USA 22 1.37 
15 13 Electrochemistry 
Communications 
USA 21 1.31 
16 14 Lanqmuir USA 18 1.11 
17 14 Eur. Pat. Apple. EP USA 18 1.11 
18 15 Proceedings -AESFSUR 
FIN Annual International 
Technical Conference 
USA 16 0.99 
19 15 Trends in Electrochemistry 
Spain and Corrosion at the 
beginning o the 21^* century 
Spain 16 0.99 
20 16 Bvetiya Vysskikh 
Vehebnykh Zavedenii, 
Severe Kovkazs Kis Region, 
Tekhnucheskie Nauki 
Russia 15 0.93 
21 17 Plating and surface finishing USA 14 0.87 
22 18 Russian Journal of 
Electrochemistry 
Russia 13 0.81 
23 19 Journal of the American 
Chemical Society 
USA 11 0.68 
24 19 Yuki Den Kai Crossi No 
Shintenkai 
Japan 11 0.68 
25 19 Dianau Yu Tushi China 11 0.68 
26 20 Bulletin of Electrochemistry USA 10 0.62 
27 21 Ukrainskia Khimicheki 
Russia Zhurnal 
Russia 9 0.56 
28 21 Ger. Offen. DE German 
y 
9 0.56 
29 21 Han'guk Pyomyon Konghak 
Hoechi 
Korea 9 0.56 
30 21 Journal of Solid State 
Chemistry 
USA 9 0.56 
31 21 Solid State Ionics USA 9 0.56 
32 21 Fusi Yu Fanghu China 9 0.56 
33 21 Corrosion Science USA 9 0.56 
34 22 Hyomen Gijutsu Japan 8 0.49 
35 22 Zairyo to Kankyo Japan 8 0.49 
36 22 Analytical Chemistry USA 8 0.49 
37 23 Can. Pot. Appl. CA Canada 7 0.44 
38 23 Handbook of Environmental 
Regradation of materials 
USA 7 0.44 
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39 23 Inorganic Chemistry USA 7 0.44 
40 23 U.S. U.S. USA 7 0.44 
41 24 Chemistrv of IVIaterials USA 6 0.37 
42 24 Synthetic Metals USA 6 0.37 
43 24 Surface Science USA 6 0.37 
44 24 Protection of metals Russia 6 0.37 
45 24 Thin. Solid. Films USA 6 0.37 
46 25 International Journal of 
Hydrogen Energy 
USA 5 0.31 
47 25 Proceedings 
Electrochemical Society 
USA 5 0.31 
48 25 Wuhan, Daxue Xuebao 
Lixueban 
China 5 0.31 
49 25 Applied Surface Science USA 5 0.31 
50 25 Electrochemistry Japan 5 0.31 
51 25 Chemistry Letters Japan 5 0.31 
52 26 Journal of Materials 
Research 
USA 4 0.25 
53 26 Chemical Physics Letters USA 4 0.25 
54 26 Gongneng Cailiao China 4 0.25 
55 26 Hiaxul Tubao China 4 0.25 
56 26 Applied Physics Letters USA 4 0.25 
57 26 Journal of Raman 
Spectroscopy 
USA 4 0.25 
58 26 Nanfing Sidarxuebao Ziran 
Kexuekan 
China 4 0.25 
59 26 Journal of Indian Chemical 
Society 
India 4 0.25 
60 26 Electrochemical and solid 
State letters 
USA 4 0.25 
61 26 ATB Metallurgie Japan 4 0.25 
62 27 Boletin de la Sociedad 
Espanolae Ceramica Viario 
Spain 3 0.19 
63 27 Characterization of 
Materials 
USA 3 0.19 
64 27 Denki Kaga Kkai Gifjussu 
Kyoiku Kon Kya Robeenshi 
Japan 3 0.19 
65 27 Journal of Materials 
Chemistry 
USA 3 0.19 
66 27 Chemical communications UK 3 0.19 
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67 27 Oberflachen and Schichton 
Funktions tralger fewer 
Technik, Medizin, Aesthetic 
Berichtsband, Veber das 
Ulmer Gesproaech 
German 
y 
3 0.19 
68 27 Brith UK pat. Appl. GB UK 3 0.19 
69 27 Metalloberflache German 
y 
3 0.19 
70 27 Materials and Corrosion German 
y 
3 0.19 
71 27 Cailio, Reciiuii Xuebao China 3 0.19 
72 27 Transactions of tlie Institute 
of Metal finishing 
USA 3 0.19 
73 27 Materials Chemistry and 
Physics 
USA 3 0.19 
74 27 Physical Chemistry 
Chemical Physics 
USA 3 0.19 
75 27 Produkt spezilische oberfia 
chentechnik. Funktionalitalt 
Qualitat, Kosten, 
Berichstand ulber das Ulmer 
Gesproach 26the New Ulm 
German 
y 
3 0.19 
76 27 Bulletin of Electrochemistry USA 3 0.19 
77 27 Galvanotechnik German 
y 
3 0.19 
78 27 Braz. Pedido PI BR Brazil 3 0.19 
79 27 Corrosion Engineering 
Science and Technology 
USA 3 0.19 
80 27 Materials Transactions Japan 3 0.19 
81 27 Transactions of the Institute 
of Metal finishing 
USA 3 0.19 
82 27 Chemiia China 3 0.19 
83 27 Fudan Xuebao, Ziran 
Kexuban 
China 3 0.19 
84 28 Vestnik Tambovskago 
Gosudarstvennqgo 
Tekhnicheskogo. 
Universities. 
Russia 2 0.12 
85 28 Fizika Khimiya Twedogo 
tila 
Ukraine 2 0.12 
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86 28 Materials Science and 
Engineering A: Structural 
Materials. Properties, 
Microstructures and 
processing 
USA 2 0.12 
87 28 Encyclopedia of Nana 
science and Nano 
technology 
USA 2 0.12 
88 28 Review Roumainede Chimie France 2 0.12 
89 28 Chinese Chemical Letters China 2 0.12 
90 28 Microelectronic, 
Engineering 
USA 2 0.12 
91 28 Annals of West university 
of Timisoara, Series of 
Chemistry 
USA 2 0.12 
92 28 Shanghai Daxue Xuebao 
Ziran Kexueban 
China 2 0.12 
93 28 Cailiao Kaila Yu Yingyoung China 2 0.12 
94 28 Zhongguo Kitu Xuebao China 2 0.12 
95 28 Oriental Journal of 
Chemistry 
USA 2 0.12 
96 28 Gal Vanotekhnika 1 
Obrabotka Poverkhnosti 
Russia 2 0.12 
97 28 Journal of Crystal Growth Holland 2 0.12 
98 28 Chinese Journal of 
Chemistry 
China 2 0.12 
99 28 Keikinzoku Japan 2 0.12 
100 28 Journal of Brazilian 
Chemical Society 
Brazil 2 0.12 
101 28 Bulletin of the Korean 
Chemical Society 
Korea 2 0.12 
102 28 Xiyou Jinshu Cabliao Yi 
Gongchong 
China 2 0.12 
103 28 Berichts band Reutsche 
Forschaingr Gesells chaft 
fuer obgrflace Chen. 
Beness 
German 
y 
2 0.12 
104 28 New Trends in 
Electrochemical Technology 
USA 2 0.12 
105 28 Chem. Phys Chem. UK 2 0.12 
106 28 India, In India 2 0.12 
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107 28 Journal of the Karlan 
electrochemical Society 
Korea 2 0.12 
108 28 Proceedings of IEEE 
Sensors 2003 
USA 2 0.12 
109 28 Materials Research Society 
Symposium proceeding 
USA 2 0.12 
110 28 Applied Surface Science USA 2 0.12 
111 28 Chemia Analityezna Poland 2 0.12 
112 28 Korroziya: Materialy, 
Zashchita 
Russia 2 0.12 
113 28 IBM Journal of Research 
and Development 
USA 2 0.12 
114 28 International Corrosion 
Congress: frontiers in 
Corrosion Science & 
Technology 15*^, Greneda, 
Spain, Sept. 22-27, 2002 
Spain 2 0.12 
115 28 Polish Journal of Chemistry Poland 2 0.12 
116 28 Dalton Transactions USA 2 0.12 
117 28 High Temperature Materials 
and Processes 
UK 2 0.12 
118 28 Catalysis Today USA 2 0.12 
119 28 Jinaxi Hugona China 2 0.12 
120 28 Surface and Cutlngs 
Technology 
USA 2 0.12 
121 28 Transactions of Nonferen 
Metals, Society of China 
China 2 0.12 
122 28 Revista deChimie Roman! 
a 
2 0.12 
123 28 Nippon Oyo Jiki Gokhaishi Japan 2 0.12 
124 28 Surface and Coatings 
Technology 
USA 2 0.12 
125 28 Chemical Technology LIthunia 2 0.12 
2. COUNTRY WISE DISTRIBUTION 
It is a well known fact that certain countries give more 
research output in a particular subject than others. This information 
is very much useful not only for the information managers in 
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finalizing the subscription list of the periodicals but also for the 
research scholars as they tend to know the countries that are 
leaders in the field. 
Table 4.2 contains a list of 35 countries producing research 
material on "Electrochemistry". These countries have been ranked 
on the basis of frequency of occurrence of items. It was observed 
that 54.48% of the total articles were published from USA only. 
This is followed by Japan, China and Korea by producing 14.93%, 
10.26% and 6.22% research items respectively. 
The analysis not only shows the most productive countries of 
research on 'Electrochemistry' but also indicates the wide coverage 
of chemical abstract, as the publications from 35 countries of the 
world have been listed. 
TABLE 4.2 :COUNTRY WISE DISTRIBUTION 
S.No Rank Country Frequency %age Freq. 
1 1 USA 876 54.48 
2 2 Japan 240 14.93 
3 3 China 165 10.26 
4 4 Korea 100 6.22 
5 5 Russia 85 5.29 
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6 6 Germany 46 2.86 
7 7 Spain 21 1.31 
8 8 UK 11 0.68 
9 9 Canada 7 0.44 
10 9 India 7 0.44 
11 10 Poland 6 0.37 
12 10 France 6 0.37 
13 11 Brazil 5 0.31 
14 12 Ukrain 3 0.19 
15 12 Italy 3 0.19 
16 12 Lithunia 3 0.19 
17 12 Edmonton 3 0.19 
18 13 Portugal 2 0.12 
19 13 Romania 2 0.12 
20 13 Australia 2 0.12 
21 14 Rome 0.062 
22 14 Turkey 0.062 
23 14 Hongkong 0.062 
24 14 Pittsburg 0.062 
25 14 Bulgaria 0.062 
26 14 Pakistan 0.062 
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27 14 Norway 0.062 
28 14 Pergamon 0.062 
29 14 Netherland 0.062 
30 14 Switzerland 0.062 
31 14 Belgium 0.062 
32 14 Sweden 0.062 
33 14 Hungary 0.062 
34 14 Vietnam 0.062 
35 14 Czech 
Republic 
0.062 
Total 1608 
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Diagram No. 4.2 Representing Country-wise 
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3. YEAR WISE DISTRIBUTION 
The main objective of this study is to find out the current 
information and the most productive year of items ranked from this 
study, we know how many articles were published, in which year. 
Table 4.3 shows the number of items published in the volumes of 
2004 and 2005 in Chemical Abstract in different years. It is to be 
observed that the frequency of accurrence of items in the volume of 
2005 was the highest i.e. 683 and that of 2004 the frequency of 
occurrence was 518 which was again highest for that year. The 
total percentage of the frequency of items in both the volumes was 
highest i.e. 44.53% in 2004. This is followed by 2005 and 2003 with 
a total percentage of frequency of occurrence was 42.48% and 
7.28% respectively.For the year 2002 and 2001 the total frequency 
of occurrence is 2.49% and 1.18% respectively. 
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Table 4.3 
S.No. 
Period 
of 
Origin 
Frequency of 
occurrence of 
items in 
Total 
frequency 
of 
occurrence 
%age 
frequency 
Cumulative 
%age 
frequency 
Volume 
2004 
Volume 
2005 
1 1998 1 - 1 0.05 0.05 
2 1999 20 10 30 1.87 1.92 
3 2000 - 2 2 0.12 2.04 
4 2001 10 9 19 1.18 3.22 
5 2002 25 15 40 2.49 5.71 
6 2003 90 27 117 7.28 12.99 
7 2004 518 198 716 44.53 57.52 
8 2005 - 683 683 42.48 100.00 
Total 664 944 1608 1 
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Diagram No. 4.3 Representing Year wise Distribution of Items 
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4. LANGUAGE WISE DISTRIBUTION 
The main purpose of this study is to find out the most 
dominant language in which the literature on the subject of study is 
being produced. Language plays a vital role in the communication 
of information. 
Table 4.4 shows that total number of items (1608) were 
published in 18 different languages. Out of which English was 
found to be the most dominant language as 920 items constituting 
57.21 were reported to be published in that language.The second 
position is occupied by Japanese Literature in v;hich 239 items 
constituted 14.86%.The third, fourth and fifth positions were 
occupied by Chinese 10.38%, Korean 6.22% and Russian 5.28%. 
Thus the most dominant language on the subject is found to 
be English. 
TABLE 4.4 :LANGUAGE WISE DISTRIBUTION 
S.No. Rank Name of 
Language 
Freq. %age 
frequency 
Cumulative 
%age Freq, 
1 1 English 920 57.21 57.21 
2 2 Japanese 239 14.86 72.07 
3 3 Chinese 167 10.38 82.45 
4 4 Korean 100 6.22 88.67 
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5 5 Russian 85 5.28 93.95 
6 6 German 48 2.98 96.93 
7 7 Spanish 21 1.30 98.23 
8 8 French 6 0.37 98.60 
9 8 Polish 6 0.37 98.97 
10 9 Ukraine 3 0.18 99.15 
11 9 Italian 3 0.18 99.33 
12 9 Lithuanian 3 0.18 99.51 
13 10 Potugese 2 0.12 99.63 
14 Roman 0.06 99.69 
15 Bulgarian 0.06 99.75 
16 Norwanian 0.06 99.81 
17 Swedish 0.06 99.87 
18 Hungarian 0.06 99.93 
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5. RANKING OF AUTHORS 
The main objective of this study is to find out the most 
productive contributors in the subject for this purpose, a ranking list 
of eminent authors has been given in table 4.5 in their order of 
frequency of occurrence. The analysis shows that 232 items were 
contributed by single author,386 items by two authors and 990 
items by more than two authors. 
It shows that trend of research in the field of electrochemistry 
is joint effort involved complete a research project. This may be 
due to the complexity and interdisciplinary nature of research 
topics.The first 3 eminent authors in the field are: 
Yoichi Hitomi (9 items), Gui Hong Yan (8 items) and peter J. 
Mahon (8 items). 
Table 4.5:RANKING OF AUTHORS 
S.No. Rank Name of the Authors Frequency 
1 1 Hitomi, Yoichi 9 
2 2 Yan, Gui Hong 8 
3 2 Mahon, Peter J. 8 
4 3 Wu, Pel Qwang 7 
5 3 Levi, M.d. 7 
6 4 Burstein, G.T. 6 
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7 4 Katayama, Shinji 6 
8 4 De Wall, K. 6 
9 4 Delville, Marie-Helene 6 
10 4 Tiwari, A.K. 6 
11 5 Aromaa, Jari 5 
12 5 Claret, Joseph 5 
13 5 Casan pastor 5 
14 5 Gil, Alfred 5 
15 5 Okai, Rei 5 
16 5 Iwami, Yoshiharu 5 
17 5 Kobayashi, Yuichi 5 
18 5 Kurokawa, Takanqri 5 
19 5 Asoh, Hidetaka 5 
20 5 Azumi, Kazunisa 5 
21 5 Atake, Mahito 5 
22 6 Nakada, hajime 4 
23 6 Nishiguchi, Ikuzo 4 
24 6 Nagahara, Kazuniro 4 
25 6 Tokuda, Masao 4 
26 6 No da, Kazuhiro 4 
27 6 Sone, Tomotaka 4 
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28 7 Sakamoto, Kenji 3 
29 7 Saito, Masahiko 3 
30 7 Fuchigami, Toshio 3 
31 7 Kim, haeng-Boo, 3 
32 7 Saito, Nobutoshi 3 
33 7 Iwasaki, Akiq 3 
34 7 Takenquchi, Toshikazu 3 
35 7 Nga, Nguyen Tujet 3 
36 7 Nagatani, Yasuhtro 3 
37 7 Nishi, Shunji 3 
38 7 Soil Gullon, J. 3 
39 7 Schetty Rob 3 
40 7 Sato, Yashiaki 3 
41 7 Vericat, C. 3 
42 7 Aballe, A. 3 
43 7 Li, Ming 3 
44 7 Liu Shanshu 3 
45 7 lakayasu, Akira 3 
46 7 Tanaka, Kaji 3 
47 7 Gomez, E. 3 
48 7 NaKayama, Yauyuki 3 
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49 7 Nakamura, Kazuhiko 3 
50 7 Narieda, Hiroto 3 
51 7 Jimeniz Morales, A. 3 
52 7 Jian Uinglv 3 
53 7 Torrent Burgues, J. 3 
54 7 Mishima, Koji 3 
55 7 Muramatsu, Katsutoshi 3 
56 7 Miyake, Akiko 3 
57 7 Madueno, R. 3 
58 7 Molar, P. 3 
59 7 Hirata, Hiroki 3 
60 7 Hirata, Yoshinori 3 
61 7 Plieth, W. 3 
62 7 Ishizaka, Hiroshi 3 
63 7 Ikegaya, Tomoyuki 3 
64 7 Schneiaer, M. 3 
65 8 Springer, A 2 
66 8 Stuez, Andrea 2 
67 8 Sacrenson, Martin 2 
68 8 Baba Yukihiro 2 
69 8 Ma, Yong 2 
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70 8 Marcu, Maria 2 
71 8 Montilla, Francisco 2 
72 8 Morallon Emilia 2 
73 8 Calvente, JuanJose 2 
74 8 Banks, Craig E. 2 
75 8 Blank, C. 2 
76 8 Blair. Alan 2 
77 8 Ene, Niculae 2 
78 8 Lui, H.K. 2 
79 8 Ranganathan, Shrikanth 2 
80 8 Reyes Gomez, J. 2 
81 8 Zhou, Zhi You 2 
82 8 Zhou,Junbo 2 
83 8 Zhang, Xin 2 
84 8 Lohrengel, M.M. 2 
85 8 Liu, Perfang 2 
86 8 Hyczko, Krzysztol 2 
87 8 Lesuer, Robert J. 2 
88 8 D 'Ajello, Paulo Cesar 2 
89 8 Dhiman, Anand 2 
90 8 Forand, James L. 2 
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91 8 Fahidy, Thomas Z. 2 
92 8 Rambaud, Christophe 2 
93 8 Reid, Jonathan D. 2 
94 8 Ren, Nan 2 
95 8 Refacy, S.A.M. 
96 8 Ravichandran, R. 2 
97 8 Rakhshani, A.E. 2 
98 8 Ramaswamy, R. 2 
99 8 Moller, H. 2 
100 8 Miles Aviyvie, Smilyka 2 
101 8 Marcoux, Pierre 2 
102 8 Zhou, Gouzhen 2 
103 8 Zhou, Vingqu 2 
104 8 Zhang, Runheng 2 
105 8 Wang, Jixio 2 
106 8 Wang, Biao 2 
107 8 Oh, SiHyoung 2 
108 8 Okino, Fujio 2 
109 8 Ono, Sachiko 2 
110 8 Ortuno, Joaquin A 2 
111 8 Otomo, Junichiro 2 
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112 8 Otero, Torikio 2 
113 8 Maurin, G. 2 
114 8 Marrissey, Ronald J. 2 
115 8 Ma, Li-Fie 2 
116 8 Muellmaier, Kurt. 2 
117 8 Sun, Fengguo 2 
118 8 Shin, Zhong-ning 2 
119 8 Hou, Delong 2 
120 8 Hao, Xian Chao 2 
121 8 Herse, Heinz Dieter 2 
122 8 Zhang, Yakui 2 
123 8 Zhang, Ulenkui 2 
124 8 Zeng, Shuping 2 
125 8 Tong, Xuguang 2 
126 8 Tamai, Sachiko 2 
127 8 Winkler, Trank 2 
128 8 Wu, Jianzhong 2 
129 8 Gan, Yongoing 2 
130 8 Guo, Zhreng Cheng 2 
131 8 Grechi, Volerio 2 
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6. Form wise Distribution 
In this era of information explosion information is available in 
a variety of form namely periodicals bulleting research report etc. 
the main objective of this study is to find out the most used form of 
source material. 
Table 4.6 shows the form wise distribution of items. It is 
found that periodical articles are the most dominent form in which 
scientific information is communicated.Literature on subject in the 
form of periodical article is 59.07%. Review and dissertation 
constituted 33.08% and 6.15% respectively while the other forms 
like conference proceedings and, computer file constituted 1.24% 
and 0.43% respectively. 
TABLE 4.6:FC >RMWISE DIS TRIBUTION 
S.No. Rank Name of 
form 
Frequency 
of 
occurrence 
Frequency 
% 
Cumulative 
frequency 
% 
1 1 Article 950 59.07 59.07 
2 2 Review 532 33.08 92.15 
3 3 Dissertation 99 6.15 98.30 
4 4 Conference 
proceedings 
20 1.24 99.54 
5 5 Computer 
file 
7 0.43 99.97 
Total 1608 99.97 
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Diagram No. 4.6 Representing form wise Distribution of Items 
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Chapter-5 
APPLICATION OF BIBLIOMETRIC LAWS 
To check the validity of bibliometric laws over the collected 
and analyzed data, the next step is the application of bibliometric 
laws, after their interpretation. 
5.1 BRADFORD'S LAW OF SCATTERING 
This law states that "If Scientific periodicals are arranged in 
order of decreasing productivity of articles on a given subject that 
may be divided into a nucleus of periodicals, more particularly 
devoted to the subject and several groups or zones containing the 
same number of articles as the nucleus , when the number of 
periodicals in the nucleus and succeeding zones will be given as : 
1: n : n^ 
where 'V is the number of periodicals in the nucleus and 'n' is 
a multiplier. 
To check the validity of this law, periodicals were divided into 
three zones according to their productivity. In the first zone 5 
journals contain 566 items, in the second zones 22 periodicals 
contain 521 items and in the third zone 241 periodicals contain 521 
items. 
This analysis shows phenomenon of scattering of items in 
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different zones of journals. 
The first zone is the nucleus zone as it contains 5 periodicals 
followed by 22 periodicals in the second zone and 241 periodicals 
in the third zone. The zones, thus identified will form an 
approximately geometric progression as given below: 
The present study shows: 
5: 22; 241 
Here, 
22 = 35 = 5x7 (approximately) 
241 = 245 = 5x7x7 (approximately) 
therefore, now the series is 
5: 5x7: 5x7x7 
on substituting, 7 = n 
we get, 5 : 5n : 5 n^ 
i.e. 1: n : n^ 
i.e. 1: n : n^ (where ' 1 ' Is the number of periodicals in the 
nucleus and 'n' is a multiplier) Thus the Bradford's law is proved 
The number of journals in the nucleus can be obtained by 
plotting f (r ) and log n on semi logarithemic graph paper ( a 
bibliograph), where f (r ) is cumulative frequency and log n is log 
rank of journals. The graph is drawn with the help of data analysed 
and computed in table 4.1 The log value of 5 journals in the 
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first zone is 0.698970004.The log value of 22 periodicals in the 
second zone is 1.342422681. The log value of 241 periodicals in 
the third zone is 2.382017043 
TABLE 5.1:BRADF0RD'S TABLE 
S.No No. of 
Journals 
Cumulative No. of 
Journals 
No. of 
Items 
Cumulative 
No. of 
Items 
1 1 151 151 
2 2 150 301 
3 3 109 410 
4 4 99 509 
5 5 57 566 
Total 5 Total 566 
6 6 57 623 
7 7 52 675 
8 8 52 727 
9 9 46 773 
10 10 30 803 
11 11 28 831 
12 12 26 857 
13 13 25 882 
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14 14 22 904 
15 15 21 925 
16 16 18 943 
17 17 18 961 
18 18 16 977 
19 19 16 993 
20 20 15 1008 
21 21 14 1022 
22 22 13 1035 
23 23 11 1046 
24 24 11 1057 
25 25 11 1068 
26 26 10 1078 
27 27 9 1087 
Total 22 Total 521 
28 28 9 1096 
29 29 9 1105 
30 30 9 1114 
31 31 9 1123 
32 32 9 1132 
33 33 9 1141 
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34 34 8 1149 
35 35 8 1157 
36 36 8 1165 
37 37 7 1172 
38 38 7 • 1179 
39 39 7 1186 
40 40 7 1193 
41 41 6 1199 
42 42 6 1205 
43 43 6 1211 
44 44 6 1217 
45 45 6 1223 
46 46 5 1228 
47 47 5 1233 
48 48 5 1238 
49 49 5 1243 
50 50 5 1248 
51 51 5 1253 
52 52 4 1257 
53 53 4 1261 
54 54 4 1265 
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55 55 4 1269 
56 56 4 1273 
57 57 4 1277 
58 58 4 1281 
59 59 4 1285 
60 60 4 1289 
61 61 4 1293 
62 62 3 1296 
63 63 3 1299 
64 64 3 1302 
65 65 3 1305 
66 66 3 1308 
67 67 3 1311 
68 68 3 1314 
69 69 3 1317 
70 70 3 1320 
71 71 3 1323 
72 72 3 1326 
73 73 3 1329 
74 74 3 1332 
75 75 3 1335 
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76 76 3 1338 
11 77 3 1341 
78 78 3 1344 
79 79 3 1347 
80 80 3 1350 
81 81 3 1353 
82 82 3 1356 
83 83 3 1359 
84 84 2 1361 
85 85 2 1363 
86 86 2 1365 
87 87 2 1367 
88 88 2 1369 
89 89 2 1371 
90 90 2 1373 
91 91 2 1375 
92 92 2 1377 
93 93 2 1379 
94 94 2 1381 
95 95 2 1383 
96 96 2 1385 
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97 97 2 1387 
98 98 2 1389 
99 99 2 1391 
100 100 2 1393 
101 101 2 1395 
102 102 2 1397 
103 103 2 1399 
104 104 2 1401 
105 105 2 1401 
106 106 2 1405 
107 107 2 1407 
108 108 2 1409 
109 109 2 1411 
110 110 2 1413 
111 111 2 1415 
112 112 2 1417 
113 113 2 1419 
114 114 2 1421 
115 115 2 1423 
116 116 2 1425 
117 117 2 1427 
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118 118 2 1429 
119 119 2 1431 
120 120 2 1433 
121 121 2 1435 
122 122 2 1437 
123 123 2 1439 
124 124 2 1441 
125 125 2 1443 
126 143 268 143 1608 
Total 126 Total 521 
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5.2 LOTKA'S INVERSE SQUARE LAW 
Alfred J. Lotka, in the year 1926 proposed his inverse square 
law correlating contribution of scientific paper to this number of 
contribution. This law states that "the number of scientists, who 
contribute 'n' paper will be 1/n^ of those who contributed only one 
paper. 
During the present analysis it was, observed that 1332 
authors have contributed 1608 items out of which 923 authors 
contributed one paper i.e.. single contribution. However according 
to Lotka's law single contributors should account for 60% of the 
total. 
Lotka's law was applied to know the number of scientists 
contributing 2 papers, 3 papers and 4 papers respectively. 
(A) SCIENTISTS CONTRIBUTING 2 PAPERS: 
As the number of authors contributing one paper is 923 then the 
number of scientists contributing 2 papers may be calculated by the 
formula. 
No. of scientists publishing 1 paper 
n^  
= 923/2^ 
923 
~2x2 
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923 
4 
= 230.75 
Thus, the number of scientists publishing 2 papers is 230.75 
However, an analysis of the data, shows, that only 66 authors have 
contributed 2 papers which is far less than the 230.75 figure, obtained by 
Lotka's law 
(B) SCIENTISTS CONTRIBUTING THREE PAPERS: 
Applying the formula 
No. of Scientists conributing one paper 
923 
~3x3 
923 
= ^=^ = 102.55 9 
During the analysis it was found that only 37 authors contributed 3 
papers each, which is far less than 102.55 
(C) SCIENTISTS CONRIBUTING FOUR PAPERS: 
Applying the formula 
923 
n^  
923 
4^  
923, 923 
4x4 16 
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= 57.68 
Here the authors publishing 4 papers - 57.68 
The Analysis shows that only 6 authors contributed 4 papers which 
is again less than this calculated figure 57.68 
Therefore, it can be concluded that the trends of research now a 
days have changed as compared to the period when Lotka's law was 
formulated. 
5.3 ZIPF'S LAW OF WORD OCCURRENCE 
This law states that in a long textual matter if words are arranged in 
their decreasing order of frequency then the rank of any given world of 
the text will be inversely proportional to the frequency of occurrence of 
the word." 
r a 1/f 
Where r = rank 
f= frequency of word occurrence 
r = c — 
f 
r f = C 
where c = constant 
taking log on both side 
log r f = log c 
log r + log f = log c 
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To apply this law, the words (terms) were collected from the title 
of the articles and ranked according to their frequency of occurrence in 
decreasing order. 
On the application of this law, it is found that log of frequency of 
occurrence of words when added to log of their rank the result are almost 
same for each word as 
(1) Word - Elecrochemistry 
Frequency -495 
Rank - 1 
Log of frequency + log of Rank 
log 495 + log 1 
2.6946 + 0 
2.6946 
(2) Word • Electrolyte 
frequency - 446 
Rank - 2 
log of frequency + log of Rank 
log 446 -h log 2 
2.6943+0.3010 
= 2.9503 
(3) Word - Electrochemical 
Frequency - 404 
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Rank - 3 
Log of frequency + log 3 
log 404+0.4771 
2.6063 + 0.4771 
3.0834 
Thus, it can be proved that Zipfs law is valid even today. 
TABLE 5.3 RANKING OF WO RD OCCURR] ENCE 
S.No. Rank Words Frequency LogC 
1 1 Electrochemistry 495 2.6946 
2 2 Electrolyte 446 2.9503 
3 3 Electrochemical 404 3.0834 
4 4 Surface 389 3.1919 
5 5 Solution 377 3.2752 
6 6 Oxidation 305 3.2623 
7 6 Electrodeposition 305 3.2623 
8 7 Electrocatalysis 298 3.3192 
9 8 Reduction 275 3.3423 
10 8 Composition 275 3.3423 
11 9 Electrode 248 3.3486 
12 10 Elecrolysis 210 3.3222 
13 11 Ions 199 3.3401 
14 12 Compounds 175 3.3221 
15 12 Production 175 3.3221 
16 13 Reaction 160 3.318 
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CHAPTER-6 
CONCLUSION AND IMPLICATION 
The prime objective of tlie bibliometric study i.e. quantitative or 
numerical or statistical, analysis of recorded communication, is to 
know the subjects, forms, contributors, languages, countries, years, 
leading core journals etc. Such studies help in utilization of 
information in a productive manner and also help to identify areas for 
further research. Besides, it helps in effective and efficient and 
efficient management of information service in the ever changing 
context and environment. 
After the collection of data on 'Electrochemistry' from chemical 
Abstract (volume 2004-2005), it was analyzed according to 
bibliometric technique and results were drawn in the form of tables 
and graphs. At the end Lotka's, Bradford's and Zipf's laws were 
tested comprehensively. 
On the basis of this study major findings may be concluded as 
follows: 
1. From the study, it is found that the journal titled 'Jpn. Kokai 
Tokkyo Koho JP' published from Japan is the most 
productive, reporting 151 items i.e. 9.39% the total. This is 
followed by 'Electrochimica Acta', published from USA with 
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150 i.e. 9.33% of the total and 'US Pat. Appl. Publ. US 
published from USA with 109 i.e. 6.77% of the total. 
2. The literature on Electrochemistry was found to be published 
from 35 countries, USA is the leading country with 876 items 
i.e. 54.48% of the total. This is followed by Japan and China 
with 240 (14.93%) and 165 (10.26%) items respectively. 
3. The analysis of year wise distribution concludes that the 
highest amount of documents were produced in the year 
2004, (716) (44.53%) items on the subject 
'Electrochemistry'. The other productive years are 2005 and 
2003 accounting for 683 (42.48%) and 117 (7.28%) 
respectively. 
4. Language wise analysis concludes that English is the 
language which is used very frequently, by the contributors, 
as about 920 (57.21%) documents on the subject 
'Electrochemistry' were published in English. It is followed by 
Japanese. Chinese with 239 (14.86%) and 167 (10.38%) 
items respectively. 
5. Form wise distribution shows that the articles are the most 
popular form of document which are used by scientists on 
the subject 'Electrochemistry'. Out of 1608 items, there 
were 950 (59.07%) items published in the form of 
84 
ConcCusion 
articles. It is followed by Review and Dissertation with 532 
(33.08%) and 99 (6.15%) items respectively. 
(6) Author wise analysis has been done to know the contributors 
who produced most of the documents. It was observed that 232 items 
were contributed by single author, and 386 items were contributed by 
more than one author. Joint authorship was found to be more popular 
on the subject 'Electrochemistry'. The first ranked authors are: 
1. Hitomi, Yoichi (9 items) 
2. Yan, Gui Hong (8 items) 
3. Mahon, Peter J. (8 items) 
4. Wu, Pei- Quang (7 items) 
(7) At last, Bradford's and Zipf's laws were proved However, 
Lotka's law could not be testified probably due to change in research 
trend in present days. 
Finally it may be concluded that bibliometrics is very well 
established technique of identification and describing some of the 
characteristics of literature. This study helps the librarian or 
information scientists in deriving certain conclusions, which help them 
in taking certain fruitful steps in the smooth running of library and also 
helps in satisfying the needs of the users to a great extent. 
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